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(57) Abstract 

The invention regards to the chemical technologies particularly to the field of producing microclusters, that are the finest groups of 
atoms, the number of which varies from two to several hundreds, and possess unique characteristics. The main task of the proposed method 
and device is to develop a technology that provides the possibility to manufacture a large range of microclusters with set compositions 
under industrial conditions with comparatively low power inputs and greater outputs of the end product. To attain that our method, which is 
based on the vaporization of carbon-containing material by means of an electrical arc, maintained by the connection of the electrodes to the 
power source, resulting in the extraction of microclusters from the produce of the thermal decomposition, in comparison to the prototype, 
suggests using, as an additional carbon-containing material, the dielectric solution of at least one of the elements of microcluster in a liquid 
hydrocarbon, and, simultaneously, the electrodes, one of which is a graphite, whereas the others, made of a material containing the element 
of the microcluster. 
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Method and Device for Producing Microclysters 
from Atoms of Different Elements. 

DESCRIPTION 

The invention is related to chemical technologies particulary to the field of producing 
microclusters. Microclusters, as being the finest groups of atoms, the number of which varies from 
two to several hundreds, may find its effective use in Chemistry, Physics, medicine and other areas 
of scientific research. For the first time microclusters were obtained from carbon and named 
Fullerenes. Fullerenes are comparatively well studied and the methods of their industrial production 
are known and used. 

The process of producing fullerenes from atoms of different elements is less developed, 
that is why for the invention of our technology we used all the experience available regarding the 
production of fullerenes, both simple (Ceo) and complex (C70, Cys.Cw, etc.). 

The existing method and device for obtaining fullerenes (application for the invention PCT 
Jfc 92.04279 "New form of carbon" with the priority MTDC CO 1 B 31/00 ; published on 19.03.92) 
suggests that grafite elements are placed in a contained volume to which inert gas is added. In the 
given conditions and by means of a vaporizer, the graphite evaporates. Inert gas is being used not 
only as a low active chemical milieu , but a cooling agent as well. The obtained fullerenes are the 
vapors of carbon. 

The disadvantage of this method and device for obtaining fullerenes by evaporation of a 
solid substance is that this process is power consuming and demands very high power inputs. As a 
result the cost of fullerenes amounts to several thousands of dollars per gram. 

In the existing technology of producing microclusters (presented by Michael A. Dunkan 
and Denis H. Rouvrey in their work called M Microclusters"( "In the world of Science", Russian edition, 
N° 2, 1990)) the impulsive laser is used. First the metal is evaporated by the laser and then the 
resulting vapors of the metal are run through a cylindrical canal containing helium current, and, 
upon coming out from the canal, condensation takes place forming clusters of different sizes. The 
mixture of gas and clusters is released into a vacuum chamber, where it expands rapidly, cooling 
down almost to absolute nil, after which the clusters are ionized by means of ultra-violet laser 
radiation and accelerated in an electric field for a set distance, after which they are sorted out by 
weight into "sets". 

The above stated method allows the production of clusters practically from any matter, 
which can take a solid state. The so obtained clusters consist of a mixture of different materials. 
However, the industrial use of this technology is limited due to the complicated tackle. The process 
of obtaining clusters by means of this technology is quite power consuming and as a result of that 
the cost of the final product is high. 
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The method and device chosen by us as prototype (N.Belov, ATokarevskih, N.Nadejdin, 
U.Odintsova, I.Sukhov. "The influence of working atmosphere pressure and composition on the 
syntheses of fullerenes". In the magazine "Physics and chemistry of Materials Treating" Jfe 3 1997, 
pages 115-117) is the closest in its technical nature to our proposed technical solutions. 

The above mentioned method is based on the fact that in the medium of inert gas, argon, 
the graphite electrodes are influenced on by the electric arc (current of 115 A, voltage of 25V) 
under the changing pressure of the medium. 

This installation consists of a cylindrical chamber with water cooling off its walls, in which 
two electrodes are placed horizontally opposite each other and connected to the current supplying 
system. One electrode is a pivot (anode) and the other a washer-shaped (cathode). The upper part 
of the chamber has openings giving access to a double-walled vessel. The gap between the 
vessel's walls is filled with nitrogen (which acts as a nitrogen trap for the forming volatile 
substances). During combustion of the electrical arc the process of graphite vaporization and 
forming of fullerenes takes place. 

Although the utilization of the nitrogen trap allows the increase in more than double the 
output of fullerenes, obtaining fullerenes in such a setting and by this method is comparatively 
ineffective due to the high power inputs. This shortcoming resides in the fact that on the basis of 
this method lies a power-consuming process of graphite vaporization. 

The aim of our method and device is to develop a technology and equipment which could 
provide the industrial production of microclusters with a set composition and with a comparatively 
low power consumption plus a higher output of the end product. 

To solve the above mentioned task, our method is based on the vaporization of carbon- 
containing material by means of an electrical arc, maintained by the connection of electrodes to the 
power source, resulting in the extraction of microclusters from the produce of the thermal 
decomposition. 

In comparison to the prototype, we are using, as an additional carbon-containing material, 
the dielectric solution of at least one of the elements of microciuster in a liquid hydrocarbon, and 
simultaneously the electrodes, one of which is a graphite, and the others made of a material, 
containing the element of the microduster. 

The proposing method allows the production of microclusters from practically any material, 
in view of this, two kinds of materials have to be applied. Conductors, to make the electrodes, and 
dielectrics dissolved in liquid hydrocarbon. By purposely changing the material of electrodes and 
the composition of the dielectric solution, one can produce a microciuster with a different set 
composition. 

For the making of electrodes any electroconductive material can be used, provided it 
contains atoms necessary to be found in the microciuster. On the other hand, the dielectric solution 
has to contain an element, or group of elements, essential to be in the microciuster. 
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By way of illustration, an electrode of any of the following materials could be used : Iron, 
Nickel. Chrome, Aluminum, Copper, Tungsten, Molybdenum, Gold, Silver, Vanadium, Tin, 
Tantalum, Scandium, Iridium, Titanium, Graphite and so on. Regarding the dielectric solution, a 
variety of liquid hydrocarbons could be utilized, such us industrial oils, transformer oil, spindle oil, 
any lubrication oils as such, or there mixtures, provided Silicon, Germanium, Gallium, in other 
words, any of dielectric category, are dissolved within these oils. Moreover, it is important to point 
out that these oils could be either clean or already "used". 

This method is quite simple and therefor may find its use extensively in the industry. Its 
application will allow considerable economy in the consumption of the electric power, and 
simultaneously a notable increase in the output of the end product. 

Since our method presupposes the extraction of carbon not only from the electrodes, as is 
offered in the prototype, but from the solution as well, the result of which is lower power inputs. 
Furthermore, this method allows the use of inexpensive (used oils) basic products for the 
production of microclusters, the outcome of which is a reduced prime cost of the final product. 

To secure an even higher increase of the output, it is necessary to carry out the process of 
vaporization in a hermetically sealed chamber without the access of air. To insure the safety of the 
process, the excess pressure, which is constantly increasing due to the release of gases during the 
vaporization of hydrocarbons, should be kept at the level of 0.2 - 1 kg/cm 2 . 

To carry out this method, a setup, similar to the prototype, consists of a body, in which 
electrodes of opposite polarities are placed and connected to a power source. In contrast to the 
prototype, in the body's cavity a plate made of insulating material is installed, separating it into two 
volumes, which are connected by throughout openings in the plate, and stationary electrodes are 
fastened to the plate from below, partially overlapping the openings at the same time. In the cavity 
of the openings, mobile electrodes are installed in such a way that they could move within the 
openings. 

The construction of this device is so designed that the method could be applied in 
laboratories as well as on an industrial scale. By employing at least two stationary and one mobile 
electrodes the device allows the realization of a short-lived, self-regulating, periodically repeated 
process of vaporization of the basic material needed in the microcluster, and at the same time it 
does not require the expenses for specific equipment. The stationary electrodes are connected to 
opposite poles of the power source, the mobile electrode encloses them, and gases generated 
during vaporization of the material by electric discharge force the mobile electrode upwards, 
opening the circuit, after which the mobile electrode collapses under its own weight, discharging the 
circuit again, causing the process to repeat itself. 

To obtain a hermetic mode of operation the body requires a hermetic hatch. The excess 
pressure, which is formed by gases generated during the decomposition of the liquid hydrocarbon, 
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is kept at the necessary level by means of a pressure regulating device, such us a pressure gauge 
installed to the body and a pressure valve controlling the outflow of the generated gases. 

By having mobile graphite electrode manufactured in a spherical-shape, a pointed contact 
with the stationary electrodes is achieved, resulting in an increase of the power density, 
simultaneously reducing the probability of "adhesion" of the spherical electrode to the stationary 
electrodes. 

Following explains the invention on a given sample. 

In figure 1 the device for producing microclusters from atoms of different elements, is 
schematically presented in cross-section. 

In figure 2, the construction of the appliance with opened hatch is schematically presented. 

The device, shown in fig.1, consists of a metal body (1), where two bearing metal shelves 
(2) are fastened. An insulating plate (3) is placed horizontally on the shelves and has six throughout 
vertical openings of 14mm in diameter (4). Electrodes of opposite polarities (5 / 6) are attached to 
the insulating plate from below, in such a way that they overlap the openings by 4mm, preventing 
mobile electrodes (7) from slipping through. The diameter of the mobile electrodes has to be less 
than that of the openings to provide its free movement. 

For the realization of this experiment , graphite electrodes (5/6) were used. Even though, 
in practice other materials were applied too, such as Iron, Nickel, Chrome, Aluminum, Copper, 
Tungsten, Molybdenum, Gold, Silver and others. 

The required dielectric solution is poured into the main body (1) above the level of the 
insulating plate (3). In our case, the solution of silicon-organic rubber has been used. However, the 
application of "used" industrial, transformer and spindle oils or any of their mixtures has shown good 
practical results. 

For safety insurance of the process, the body (1) is hermetically sealed by a hatch (8), to 
which a pressure gauge (9) and a valve (10), allowing the gas, released during the decomposition 
of hydrocarbons, to be expelled and for keeping the excess pressure within the limits of 0.2 - 1 
kg/cm 2 , are installed. 

The process of producing microclusters is conducted as described below. 

By means of leads (not shown on the fig.) the electrodes (5/6) are connected to the 
electric power source of 25-70 V, causing the mobile electrodes (7) to short circuit with the 
electrodes (5/6) provoking electric arcs, which cause a heating up of the solution. As a result, a 
decomposition of the solution takes place with the isolation of gaseous products and microclusters 
of silicon and carbon. The forming gaseous products are forcing the mobile electrodes (7) over the 
electrodes (5/6), leading to the opening of the electric circuit. Next the gaseous products release 
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through the openings (4), causing the mobile electrodes (7) collapse, locking the electrodes (5/6) 
again and the process recurs. Isolated gases fill the space between the solution and the hatch. 

With the aid of a pressure gauge (9) the amount of pressure is controlled. As soon as the 
pressure reaches the maximum limit the valve (10) opens and developed gases are partly let out 
until the required pressure is resumed. With this procedure the excess pressure is kept within the 
limits of 0.2 - 1 kg/cm 2 . 

The synthesized microclusters are contained in a solution in a state of suspension. Their 
separation is conducted by centrifugal force and extraction. 

Hence this device and method allows the production of different combinations of complex 
microclusters, which could be attained by the following: 

1. Changing of materials of stationary electrodes (Iron, Nickel, Chrome, Aluminum, 
Copper, Tungsten, Molybdenum, Graphite, Gold, Silver, Vanadium, Tin, Tantalum, Scandium, 
Iridium, Titanium, etc.). 

2. Selecting of the dielectric solution required for microcluster (in our case, a solution of 

silicon-organic rubber). 

The presented technology and device allows the production of a comparatively wide dass 
of microclusters. Furthermore, we have a considerable increase in output of the end product and 
low power inputs. That makes it possible to be used on an industrial scale. 

Note: the daily capacity of the device is 400 liters with power consumption of 96 kW/h. 
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CLAIMS. 

1. The method of producing microclusters from atoms of different elements, one of which 
is carbon, based on the vaporisation of carbon-containing materia! gained by the influence of the 
electric arc : which is reached by the connection of electrodes to a power source, with a subsequent 
separation of microclusters from the products of thermal decomposition, differs, because as an 
additional carbon-containing material, a dielectric solution of at least one of the elements of the 
microcluster in liquid hydrocarbon, is used, and the electrodes are made of a material which 
contains an element that is a component of the microcluster composition, and in addition to that, 
one of them being a graphite electrode. 

2. The method stated in paragraph 1 differs, because the process of the vaporisation is 
carried out with the pressure level being at 0.2 - 1 kg/cm 2 in a hermetically sealed chamber. 

3. The method stated above in paragraph 1 differs, because, as elements of the dielectric 
solution, the semi-conductors can be applied (such as, silicon, germanium) if they are dissolved in 
liquid hydrocarbon, which could be industrial oil, transformer or spindle oils and any of their 
mixtures, pointing out that these oils could be either clean or already "used". 

4. The Method stated above in paragraph 1 differs, the reason being, that electrodes can 
be made of electroconductive materials such as Iron, Nickel, Chrome, Aluminum, Copper, 
Tungsten, Molybdenum, Gold, Silver, Vanadium, Tin, Tantalum, Scandium, Iridium, Titanium, 
Graphite and so on. 

5 The device for producing microclusters, which consists of a body, in which electrodes of 
opposite polarities are installed and connected to a power source, differs, by that, that the body is 
hermetically sealed, and in its cavity, which is partly filled with a dielectric solution, a plate made of 
insulating material is placed, separating it into two volumes, which are connected by the throughout 
openings made in the plate, and the stationary electrodes are fastened to the plate from below, 
partially overlapping the openings at the same time , when the mobile electrodes are placed into 
the cavity of each opening, in such a way that they could move within the openings. 

6. The device described above in paragraph 5 differs, because the stationary electrodes 
are made of a material which contains an element of the microcluster. 

7. The device described in paragraph 5 differs, by that, that the mobile electrode is made 
of spherically-shaped graphite. 

8. The device described in paragraph 5 differs, reason being, that it is additionally 
equipped with a hatch, to which a regulating pressure device is installed, that hermetically seals the 
body. 
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